This study evaluated the serum concentrations of the main sex hormones in selected patients with non-bacterial male accessory gland infection (MAGI). The results suggest that the mean serum concentrations of 17β-estradiol (method : chemiluminescence) in these patients are significantly higher compared to the controls (55.0 ± 15.0 vs. 26.5 ± 12.0 pg/mL; P <0.05) and the percentage of patients with MAGI and associated hyperestrogenism (according to the laboratory range used in this study) was significantly higher (25.00% vs. 3.00%; P <0.05). Moreover, the percentage of patients with nonbacterial MAGI and associated testosterone deficiency (serum total testosterone <2.49 ng/mL) was significantly higher (18.00% vs. 2.00%; P <0.05). Finally, patients with non-bacterial MAGI showed a significantly lower total testosterone-17β-estradiol ratio compared to the controls (72.7 vs. 173.0; P <0.05). The results of this study, with some limitations (in particular the method applied for the determination of serum concentrations of 17β-estradiol) represent in our opinion, a topic worthy of further investigation for a correct endocrinological characterization of these patients, useful for clinical practice.
Introduction
Male accessory gland infection (MAGI) represents a pathological inflammatory condition of the prostate, seminal vesicles, and epididymis with possible negative consequences on the quality of sperm parameters. 1 The prevalence of this condition varies in the different published studies, probably for the failure to apply the correct diagnostic algorithm proposed by the World Health Organization (WHO) in 1993. [2] [3] [4] The potential mechanisms associated with the alteration of the sperm parameters are different: anatomical obstruction of the sperm ducts, oxidative stress, the presence of microorganisms. 5, 6 From an ultrasonographic point of view, we reported an important classification between uncomplicated (prostatitis) and complicated forms (prostato vesiculitis and prostato vesciculo epididymitis) with different consequences on the quality of the sperm parameters (lower in the second group). 7 Another aspect of this condition scarcely evaluated is represented by the hormonal characterization of these patients. This topic is worthy of investigation for different reasons: (1) patients with testosterone (T) deficiency have a higher extension of inflammatory alterations; 8 (2) the higher prevalence of MAGI regards men in fertile age, a time of life that requires a normal hormonal balance for reproductive aims; [2] [3] [4] (3) experimental evidence of prostatic inflammation associated with alteration of the serum concentrations of circulating androgens and estrogens. 9 Based on these premises, this study evaluated the hormonal characterization of patients with MAGI in fertile age, assessing in particular the frequency of conditions of excess or deficiency of the main sex hormones according to laboratory range used in the our clinical practice.
Materials and Methods
The protocol was approved by the internal Institutional Review Board and informed written consent was obtained from each patient.
Patients
Among the 1302 patients consecutively evaluated during 2013-2015 (3 years) for male infertility at the Andrology Center of the University of Catania (http://www.andrologyacademy.net), 100 patients with MAGI 2 were enrolled in the study. Healthy age-matched fertile men represent the control group (n = 20).
Exclusion criteria
Exclusion criteria included: obesity (body mass index >30 kg/m 2 ), cryptorchidism, orchitis, primary tumor of the testis, varicocele, adrenal disease, liver disease, hyperthyroidism, regular use of soy with the diet, habitual consumption of alcohol, 10 severe oligozoospermia (<5 million/mL), bacterial form of MAGI (negative microbiological assessment for Chlamydia trachomatis, Mycoplasma hominis, Ureaplasma urealyticum, Candida albicans, Trichomonas vaginalis, gram negative bacteria, and papillomavirus), 11 and pharmacological treatment 6 months before enrollment in the study.
Hormonal measurements
Blood sampling was performed at 08:00, after at least 8 h of sleep. Determination of prolactin was repeated at a distance of 30 min. Luteinizing hormone (LH), follicle stimulating hormone (FSH), 17β-estradiol (E2), total testosterone (TT), and prolactin (PRL) evaluation was performed by electrochemiluminescence immunoassay (ECLIA) with Cobas equipment. Normal values were: LH, 1.7-8.6 mIU/mL (coefficient of variability (CV)% = 8); FSH, 1.5-12.4 mIU/mL (CV% = 6); E2, 25.8-60.7 pg/mL (CV% = 6); TT, 2.49-8.36 ng/ mL (CV% = 7); PRL, 4.04-15.2 ng/mL (CV% = 8). Testosterone deficiency was defined as a serum TT 2.49 ng/mL, according to the range of laboratory used in this study. Serum TT:E2 ratio was calculated as testosterone in ng/mL divided by estradiol in ng/mL, although otherwise the estradiol level was expressed in pg/mL.
Sperm analysis
Semen samples were collected by masturbation into a sterile container after 2-7 days of sexual abstinence and were transported to the laboratory within 30 min after ejaculation. Each sample was evaluated according to the WHO criteria. 12 
Ultrasound evaluation
The ultrasound evaluation of the patients was performed according to the criteria previously published. 7 The evaluation of testicular volume was calculated automatically by the ultrasound machine (GX Megas Esaote SpA, Genova, Italy) using the ellipsoid formula (length × width × thickness × 0.52).
Statistical analysis
Continuous variables are presented as means ± standard deviations and differences between groups were tested by Student's independent t-test or Mann-Whitney U-test according to their normal or not-normal distribution, respectively (normality of variables' distribution was tested by Kolmogorov-Smirnov test). Kruskal-Wallis H-test was performed to compare differences between more than two groups. Accordingly, Pearson's or Spearman's correlation coefficients were used in order to test the associations between the different variables. Multivariate linear regression models were performed for factors significantly correlated at Spearman's analysis. All tests were completed using SPSS v.19 software (SPSS Inc., IBM Corp, Somers, NY, USA). For all statistical comparisons significance was considered as P <0.05.
Results
No significant differences among patients and controls regarding age (30.0 ± 4.0 vs. 34.0 ± 4.0 years), body mass index (22.0 ± 3.0 vs. 24.5 ± 5.0 kg/m 2 ), and testicular volume (18.0 ± 3.0 vs. 20.0 ± 4.0 mL) were detected. Patients with MAGI showed serum concentrations of E2 significantly higher than the controls. The percentage of men with high serum concentrations of E2, according to our laboratory range was significantly higher among patients with MAGI. Moreover, the percentage of men with T deficiency was significantly higher among patients with MAGI (Table 1) . Patients with MAGI showed a significant reduction of the main sperm parameters (concentration, morphology, progressive motility) compared to the controls; moreover, the concentration of leukocytes was significantly higher compared to the controls (Table 1) . Patients with MAGI showed significantly lower value of TT:E2 ratio compared to the controls (Table 1) . Patients with MAGI and concomitant excess of serum concentrations of E2 as well as patients with MAGI and T deficiency showed a significant reduction of the main sperm parameters compared to the patients with MAGI and normal serum concentrations of these two hormones. Moreover, these patients showed concentration of leukocytes significantly higher ( Table 2) . At linear regression analysis adjusted for age and BMI (Figure 1 ), increase of leucocytes was significantly associated with high 2-estradiol (r = 0.925, P <0.01) but not with TT (r = −0.006; P = 0.95).
Discussion
The results of the study suggest that selected patients with non-bacterial MAGI, an important cause of male infertility, 5 have serum E2 concentrations significantly higher than age-matched Table 2 . Table 2 shows the main sperm parameters of patients with higher serum concentrations of E2 or lower serum concentrations of TT compared to the laboratory range used in this study.
MAGI (with E2 excess) MAGI (with normal E2 levels)
Sperm controls, and a significantly higher percentage of them have E2 values higher than the reference range used. Moreover, these patients have a serum TT:E2 ratio significantly lower than the controls, as well as, a significantly greater percentage of them have TT values lower than the reference range used. These results, although preliminary and affected by several limitations, represent in our opinion a topic which deserves further evaluation for potential important consequences on the clinical management of this category of infertile patients. The main limitations of the study are represented by the E2 assay method carried out through chemiluminescence that is not, as is well known, the reference method for this assessment, although it is the most used in the clinical practice. 13 Several studies and the recent Endocrine Society Position Statement have addressed the deficiencies in current immunoassays used for the quantitation of estradiol. 14 Direct immunoassays lack appropriate sensitivity at low estradiol levels (<40 pg/mL). Although a liquid chromatography tandem mass spectrometry estradiol assay is considered the gold standard, it is complex to use in a routine clinical laboratory and is not amenable to high test through put. Generally, serum concentrations of E2 in men are lower than detection limit of the method, although little information is available regarding the different aromatization of T to E2 in different tissues. 14 Another limitation of the study is the lack of evaluation of the levels of sex hormone binding globulin (SHBG) that is a protein that binds tightly to the hormones T, dihydrotestosterone, and E2. In this bound state, SHBG transports these hormones in the blood as biologically inactive forms. Changes in SHBG levels can affect the amount of hormone that is available to be used by the body's tissues. 15 In our opinion, the main issues to be clarified are represented by the causes of the hyperestrogenism and the possible practical implications of this apparent hormonal feature. The increase of E2 in men can be caused and/or associated with different factors: testicular tumors, adrenal disease, hyperthyroidism, liver disease, intake of antiandrogen drugs, obesity, and hypogonadism. All these causes have been excluded at enrollment, among the exclusion criteria, with the exception of hypogonadism. As mentioned before, among the examined patients a significantly higher percentage had serum TT concentrations lower than the reference range used in the present study. These patients in particular show a reduction in the serum TT:E2 ratio than the controls. We previously showed that among patients with lower serum TT concentrations a higher frequency of MAGI and a greater anatomic extension of ultrasound signs of the inflammatory process with the involvement of the prostate, seminal vesicles, and epididymis are seen. 8 The hypothesis is that the reduction of the serum TT:E2 ratio could be a risk factor for chronic inflammation, as demonstrated by previous experimental evidences. In particular, estrogens regulate their effects at the level of the target cells through interaction with estrogen receptors (ER), ER-α and ER-β, that like the AR are transcription factors. In general, activation of ER-α in the prostate is associated with hyperplasia and inflammation. ER-β is located in the epithelial cells and ER-α is primarily found in the stromal cells. ER-β is associated with antiproliferative activity; indeed, ER-β knockout mice develop hyperplasia of the stromal cells during aging. 16 Naslund et al. showed that exogenous administration of E2 worsens the severity and incidence of non-bacterial prostatitis in Wistar rats (100% of the treated animals). 17 Bernoulli et al. showed that the reduction of the serum TT:E2 ratio is associated with onset of non-bacterial prostatitis without urodynamic alterations in the animal model with hypoandrogenism combined with hyperestrogenism, while obstructive disorders appeared in the hyperandrogenic animals with low serum TT:E2 ratio. 18 In another experimental model, chronic treatment with estrogens results in the activation of metalloproteinases 2,7,9 in the lateral lobe of the prostate and increase of leukocyte infiltrate. 19 Other conceivable causes could be represented by the functional alterations of aromatase, the enzyme responsible for the conversion of T into E2, which are more frequent in infertile patients, 20 or the TT reduction associated with the psychological stress which is another important characteristic of patients with chronic prostate inflammation. 21, 22 In clinical practice, for infertile patients with a reduction of T:E2 ratio (threshold value <10), it may be suggested that the pharmacological therapy with aromatase inhibitors (testolactone, anastrozole, letrozole) which represent a class of drugs used off label, 23 but for which there is no documented evidence in the literature regarding the clinical model of chronic prostatitis or MAGI. In the study by Gregoriou et al. in 2012, 24 patients (with idiopathic infertility) treated with letrozole 2.5 mg/d for 6 months had a statistically significant increase of T:E2 ratio (9 ± 0.2 vs. 36 ± 4.5) after treatment, as well as the treated group with anastrozole 1 mg/d for 6 months (8 ± 0.4 vs. 34 ± 5.9).
In conclusion, further studies on a larger number of patients with MAGI will serve to confirm these preliminary data, confirming them with the use of most appropriate methods for the quantification of estrogens and finally possible therapeutic trials with aromatase inhibitors in these patients may be suggested.
